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ncreased stroke mortality in the South Central and South Atlantic states was noted for white males during 1949-1951 and again during [1959] [1960] [1961] . ' The regional increase in stroke mortality for both sexes and all races has been noted subsequently. 2 ' 3 Recently, this geographic pattern of increased stroke mortality was the focus of a National Heart, Lung, and Blood Institute (NHLBI) Data Fact Sheet using 1980 data. 4 The fact sheet defined a "Stroke Belt" consisting of 11 states with age-adjusted stroke mortality rates that were more than 10% above the average stroke mortality for the United States as a whole ( Figure) . Kuller et al 7 present data which make it unlikely that this increase in stroke mortality is an artifact caused by variation in certification practices or diagnostic acumen.
Increased age-adjusted hypertension-related mortality, ie, in which hypertension was one of the diagnoses coded on the death certificate, was reported during 1979-1986 for the southeast, with the highest rates occurring in Washington, DC, and North and South Carolina. Blacks had almost twice the rate of whites, and their highest rates tended to occur in the southeastern United States. 8 A search for comparable geographic differences in the prevalence of hypertension revealed little regional difference for total hypertension, but an increase in severe hypertension was noted in the southeast, particularly among blacks. 3 Thus, regional data from the 1976-1980 National Health and Nutrition Examination Survey (NHANES II) 3 showed that the race-specific prevalence of hypertension for both white and black men in the southeast was essentially the same as in all other regions; however, the prevalence of hypertension was consistently higher in black men (38%) than white men (33%). In addition, the percentage of hypertensive individuals with diastolic pressures greater than or equal to 115 mm Hg was higher in the southeast than in any other region, largely because of the markedly higher rate of severe hypertension among blacks in the southeast. Nearly 1 of every 11 black men with hypertension had a diastolic blood pressure greater than or equal to 115 mm Hg. 3 Age-adjusted stroke mortality in the NHANES southeast region was 12% higher than in the rest of the country (74.3 versus 66.5 per 100,000 persons), 3 whereas age-adjusted all-cause mortality was 5% higher (819.1 versus 776.8 per 100,000 persons) (E. Roccella, personal communication, based on table prepared by the National Center for Health Statistics).
Various causes have been postulated for the increased stroke mortality, 9 including higher rates of hypertension, diabetes, and smoking; lower socioeconomic level; and differences in diet, lifestyle, and composition of soil and water. In addition to the previously noted increase in severe hypertension in the southeast, particularly among blacks, Roccella and Lenfant 3 noted that white men in the southeast were more likely to be smokers than white men in other regions, and black men in the southeast were more likely to be obese than black men in other regions.
In response to the report of the landmark 1970 Veterans Administration Cooperative Study demonstrating the benefits of treating hypertension, 10 the Veterans Administration initiated a special Hypertension Screening and Treatment Program (HSTP). During the first 8 years of their existence from 1972 through 1979, the clinics in this program screened more than 500 000 veterans for hypertension and identified more than 100 000 with elevated diastolic blood pressure (DBP). 11 In January 1974, the HSTP began to provide treatment for hypertensive veterans identified by screening, and during the next 3 years more than 14 000 veterans had their baseline and early treatment data collected and computerized. Subsequently, these files were merged with death records for analysis.
A preliminary analysis of the data from the first 5571 veterans who entered the HSTP revealed a higher 12-year mortality for those seen in southeastern clinics than for those seen elsewhere.
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6 Because of the importance of understanding the causes for the increased stroke mortality in the southeastern United States, the present report examines regional differences in mortality for the entire population of veterans treated in this program. This large population is well suited to the investigation: It is hypertensive, and thus most of the deaths will have a cardiovascular etiology; it is almost equally divided between blacks and nonblacks as well as between patients from the southeast and elsewhere in the United States; and medical care is more homogeneous than for most other populations that have been studied. The investigation looks at several different groupings of southeastern states and at the 32 HSTP clinics individually. 
Methods

Overall Plan of HSTP
In 1972, the Veterans Administration initiated the HSTP, which initially was limited to outpatient screening of veterans for hypertension. In 1974, specially trained nurses working under physician supervision began to provide outpatient treatment to hypertensive veterans in the 16 existing HSTP clinics. To monitor the adequacy and efficacy of HSTP care, clinical data were entered on individual patient-visit forms for all patients enrolled in the program. By the end of January 1977, when monitoring was discontinued as being no longer necessary, clinical data had been computerized for more than 12 000 previously untreated veterans who were being followed at 32 HSTP clinics.
Initially, the general therapeutic guidelines called for stepcare treatment of hypertension as originally described by Task Force I of the Hypertension Information and Education Committee. 12 These guidelines were periodically updated to conform to the reports of the Joint National Committee on Detection, Evaluation, and Treatment of High Blood Pressure, the most recent of these being 1993. 13 The long-range goal of treatment was control of DBP below 95 mm Hg, with a minimum of adverse effects.
Clinic Visits
Extensive screening of veterans was conducted in HSTP clinics to identify those with elevated DBP who were then scheduled for evaluation visits. For some patients, several screening visits were obtained in an effort to define marginally elevated pressures. For 72% of the ]] 936 patients considered here, the evaluation visit occurred within 3 months of screening, but the actual timing depended on the patient's DBP and the clinic load. The evaluation visit included blood pressure measurements plus history and physical examination, both of which emphasized the cardiovascular system. At the evaluation visit, those patients whose DBP was still elevated were scheduled for a treatment visit.
For patients with severe and moderate hypertension (DBP 105 to 124 mm Hg), as well as for those with less serious hypertension (DBP 90 to 104 mm Hg) but with additional risk factors, including being black or less than 35 years of age, the treatment visit was routinely scheduled within 1 month. For patients considered to have very severe hypertension (DBP 125 mm Hg or more), this period was shortened to 1 week or less, and in some instances the treatment and evaluation visits were on the same day. For "low-risk" patients with mild hypertension, the treatment visit might not be scheduled for 3 months or rarely even longer, depending on clinic load. For 54% of patients, the first tExpanded Stroke Belt includes the clinics in all 10 of the cities listed above.
treatment visit was within 30 days of the evaluation visit, and for 72% it was within 90 days. The 11 936 previously untreated male veterans considered here had a total of 19 485 screening, 10 367 evaluation, and 11 039 first treatment visits, all of which included at least a visit date and measurements of systolic blood pressure (SBP) and DBP. The usual visit pattern, observed in three fourths of patients (75.6%), included a screening visit followed by an evaluation visit and then by a series of treatment visits, only the first of which is considered here. 
Study Population
The HSTP Master File contained data for 11 936 previously untreated male veterans, and Table 1 indicates the number in each clinic, their racial distribution, and their mean age and blood pressure parameters. Race (black versus nonblack) was available for 11 778 patients; the remaining 158 were coded as nonblack for subsequent analyses. Age was unavailable for 140 patients. At an evaluation visit, smoking habits were available for 10 892 patients and body mass index, calculated as weight (kilograms) divided by height (meters) squared, for 10 819 patients.
Determination of Blood Pressure
All blood pressures were measured on the seated patient with a mercury sphygmomanometer. At screening visits, conditions varied widely. At evaluation and treatment visits, however, efforts were made to achieve standard conditions before and during the blood pressure measurement. Patients were asked to arrive in the morning without having eaten or smoked that day. When possible, they were seated in quiet, warm, and relaxing surroundings for at least 5 minutes before the first pressures were measured. At all visits, three blood pressure measurements were taken, with an interval of at least 30 seconds between measurements. The three measurements were averaged to obtain the visit pressure, which was entered with other data on individual patient-visit forms for that visit. Each clinic submitted these forms in batches at approximately monthly intervals to the Veterans Administration Data Processing Center in St Paul, Minn, which combined the data to establish a computerized HSTP Master File.
For subsequent analyses, each patient's pretreatment blood pressure was considered to be the average of his visit blood pressures at the first treatment visit and all earlier visits. For the 957 patients with no treatment visits or missing blood pressure at the first treatment visit, the visit blood pressures of all screening and evaluation visits were averaged. Each patient's pulse pressure (PP=SBP-DBP) and mean arterial pressure (MAP=DBP+PP/3) were computed from that visit's SBP and DBP (Table 1 ). For 0.4% of the patients, the pretreatment blood pressure was based on one visit only, for 2.9% on two visits, for 55.5% on three visits, and for 41.2% on four or more visits. M Thus, dates of death were known for 5360 of the 11 936 patients (44.9%). No attempt was made to obtain the actual death certificates. The remaining 6576 were assumed to be alive as of December 31, 1990.
Survival time was defined as the time from the first treatment visit to the date of death or to December 31, 1990. For the 957 patients without a valid treatment visit, the date of the last visit, either screening or evaluation visit, was used for calculating survival. All surviving patients were followed at least 13.9 years. Average follow-up for the patients assumed to be alive on December 31, 1990, was 15.2 years; the average follow-up for the deceased patients was 8.4 years.
The use of the HSTP clinic records, the merging of the information with the death records (BIRLS and NDI), and the subsequent analyses were approved by the Washington University Institutional Review Board.
Stroke Belt
Three different Stroke Belts consisting of combinations of southeastern states were investigated. Table 2 gives racespecific means and standard deviations for age, SBP, DBP, body mass index, and percent smokers for each region considered here. The NHLBI Stroke Belt consists of those states that had a 1980 age-standardized stroke mortality more than 10% above the average United States rate. 4 The 11 states are Alabama, Arkansas, Georgia, Indiana, Kentucky, Louisiana, Mississippi, North and South Carolina, Tennessee, and Virginia. Six Veterans Administration HSTP clinics located in these states (in the cities of Birmingham, Indianapolis, Jackson, Memphis, New Orleans, and Richmond) contributed patients to this report (Figure) .
The two variants of the NHLBI Stroke Belt were an Expanded Stroke Belt-composed of the NHLBI Stroke Belt plus Texas (with 2 HSTP clinics), Oklahoma, and Washington, DC, for a total of 10 HSTP clinics (Figure) -a n d the Modified Stroke Belt, which included 8 HSTP clinics and was used in preliminary publications.'- 6 It consisted of the Expanded Stroke Belt plus Florida but minus Oklahoma, Louisiana, and Indiana, the latter two of which did not contribute patients to the early data set.
The all-cause mortality for patients in each of these three Stroke Belts was then contrasted with the all-cause mortality for the patients in a Non-Stroke Belt Region, which consisted of all states west of the Mississippi River and not included in any of the Stroke Belts described above (Figure) . Non-Stroke Belt states that had HSTP clinics were Arizona, California (2 clinics), Iowa, Kansas, Minnesota, Missouri, Nebraska, Utah, and Washington (Table 1 ). The Indeterminate Region consisting of those states east of the Mississippi River and not included in any of the Stroke Belts contained 12 HSTP clinics, including 1 in Puerto Rico (Figure) .
Statistical Methodology
After extensive exploratory analyses, proportional hazards modeling was used to fit a basic survival model with regression terms representing race (black/nonblack), age (linear effect), and blood pressure (MAP and PP), both categorized to three levels. The use of MAP and PP instead of SBP and DBP and as categorized variables rather than continuous variables resulted in a model with more interpretable terms and greater numerical stability. In addition, terms representing cigarette smoking (yes/no) and body mass index (linear effect) were included. Once this model had been fit, a term was added indicating whether the patient's clinic was or was not in the Stroke Belt. The model was then refit to assess whether there was a difference in mortality by geographic location, after adjusting for the other available risk factors. Details of the categorization used and mean values for continuous variables are shown in Table 3 . Relative risks, after adjusting for available nongeographic factors, and their confidence intervals are given in Table 4 for the four regions, which are compared with the Non-Stroke Belt Region.
The adequacy of the model was assessed using martingale and deviance residuals." Plots of the residuals against the linear predictor score identified no outliers, indicating no lack of fit of the model to individual observations. Fitting the proportional hazards model to the data, while omitting terms involving age, enabled the suitability of using a linear term for age to be assessed. The residuals resulting from the reduced model were plotted against age along with a regression line fit with a smoothed spline curve. The curves produced could be approximated by a straight line, indicating that age was well modeled by a linear term. A similar analysis indicated that body mass index was also best represented by a linear term. Interactions among the risk factors were also investigated. Only the age by MAP interaction improved the fit of the model.
A ranking of the clinics was obtained by fitting the basic model (without any adjustment for a clinic's location) and calculating the mean of the martingale residuals by clinic. Those with large positive mean residuals had experienced more deaths than expected, whereas those clinics with large negative mean residuals had a preponderance of patients who survived longer than predicted by the model.
Results
As indicated in Table 1 , there was considerable variability among clinic populations. Comparison of the four regions denned in Table 1 revealed that the Stroke Belt clinics clearly tended to include more blacks and have patients with higher pretreatment blood pressures. The percentage of blacks was 64% in the NHLBI Stroke Belt and successively decreased to 25% in the NonStroke Belt Region. Mean SBP and mean MAP were 2 mm Hg lower and mean DBP almost 2 mm Hg lower in the Non-Stroke Belt Region than in the other regions. In contrast, PP was similar in all regions.
The basic proportional hazards model for the demographic and risk factors is shown in Table 3 . Note that except for race none of the confidence intervals include 1.0; hence, all except race had a significant effect on mortality. Risk increased with higher MAP, PP, age, and smoking but decreased with increasing body mass index. Table 3 suggests that blacks tended to be younger (mean difference, 2.2 years) and to have lower SBP values (difference, 1.3 mm Hg) and higher DBP values (difference, 1.9 mm Hg) and hence similar MAP values (difference, 0.8 mm Hg) but lower PP values (difference, 3.2 mm Hg). Blacks also tended to smoke more and to have similar body mass indexes.
When the model using only those patients from either the 6 clinics in the NHLBI Stroke Belt or the 10 clinics clearly not in the Stroke Belt (Non-Stroke Belt Region) was fit, an increased risk of 1.226 was observed for those in the Stroke Belt (95% confidence interval [Cl] = 1.106-1.358) ( Table 4) . Expanding the NHLBI Stroke Belt by adding 4 clinics and doubling the number of patients in the Stroke Belt gave a similar increase in risk of 1.231 (95% CI=1.131-1.341). Likewise, the Modified Stroke Belt as used in our preliminary publication 12 also had a similarly elevated risk of 1.295 (95% CI=1.181-1.419). However, the risk for patients in the Indeterminate Region was not significantly elevated. Table 5 gives the mean martingale residuals for each of the 32 individual HSTP clinics and indicates the regions to which each clinic belonged. These mean residuals indicate the mortality actually experienced at each clinic when compared with that expected based on a statistical model based on age, race, blood pressure, smoking, and body mass index. Four of the 6 clinics in the NHLBI Stroke Belt had positive means, indicating higher than expected mortality; however, for 2, one negative and one positive, the residuals were essentially zero, indicating a close-to-expected mortality. For the Expanded Stroke Belt, 8 of 10 clinics had positive means, indicating that there was an excess mortality among the patients of those clinics. In contrast, only 2 of the 10 Non-Stroke Belt clinics had positive residuals.
Discussion
We have reported a 23% increase in all-cause mortality in a hypertensive cohort in the southeastern United States, the same general area in which increased stroke deaths have been noted. Increasing the size of the NHLBI Stroke Belt area to include more states in the southeast, and at the same time doubling the number of treated patients, does not alter our estimated risk ratio, suggesting a robust observation that does not depend on a chance choice of a few high-risk clinics. The martingale residuals arrange the 32 clinics in ascending order of excess mortality, with most but not all Stroke Belt clinics having increased mortality.
Sex-and race-specific mortality for ages 35 to 74 years (age adjusted) for selected causes of death of epidemiologic importance for each state and each of 510 state economic areas was calculated in 1980 using deaths between 1968 and 1972. 16 This analysis reaffirmed an increased stroke mortality in the Stroke Belt, and not surprisingly, those areas with elevated stroke mortality also had increased rates of hypertensive heart disease and hypertension (ICD codes 400 through 404) and ischemic and other heart disease (ICD codes 410 through 429).
Not only regional differences in blood pressure but differences in cigarette smoking, obesity, and other adverse aspects of lifestyle, such as lack of exercise, poor diet, or less effective medical care, could also contribute to the increased Stroke Belt mortality. With respect to the adequacy and availability of medical care, this report used only individuals who were eligible for and actually received care at Veterans Administration facilities. This homogeneity of care along with the statistical controls for blood pressure, smoking, and obesity may explain the lack of a racial difference in observed mortality. Other reports suggest that equal care leads to equal mortality.
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In addition to potentially changeable risk factors related to lifestyle, there are possible environmental factors, which might be more difficult to recognize and probably more difficult to change, such as exposure to toxic elements (eg, lead and cadmium) that have been suggested as possible causes of hypertension 1920 or heart disease. 21 In the 1960s, Schroeder
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-23 first reported that exposure to soft water was related to increased mortality. He found that age-adjusted allcause and cardiovascular disease mortality rates for the entire population were inversely related to hardness of finished municipal water supplies (Z'<.01) but that noncardiovascular disease mortality was not related to water hardness. Both finished 22 and surface 24 water is softer in the southeastern region of the United States.
To investigate the robustness of the increased allcause mortality observed in the 11-state NHLBI Stroke Belt, we examined two variant definitions of the Stroke Belt with respect to HSTP clinics. The NHLBI Stroke Belt contained 6 of the 32 HSTP clinics, with 22% of the patients. The first variant was the Expanded Stroke Belt, which contained 4 more HSTP clinics in 2 states and the District of Columbia. It included 10 HSTP clinics and 43% of the total patient population considered here. The 2 added states, Texas and Oklahoma, ranked 12th and 13th among the states in 1980 stroke mortality rates; the District of Columbia had a 1980 stroke mortality rate above that of either Texas or Oklahoma. The states in the Expanded Stroke Belt all had stroke death rates 7.4% or more above the 1980 United States average, and they were the only states with this high a rate. The risk ratios were similar for the NHLBI and Expanded Stroke Belts at 1.226 and 1.231 (Table 4) .
We also examined the Modified Stroke Belt used in our preliminary publication. 5 It included 8 HSTP clinics in 6 states, which, except for Florida, were all part of the Expanded Stroke Belt; however, the Expanded Stroke Belt clinics in Oklahoma, Indiana, and Louisiana were not included, the latter two because they did not contribute patients before 1976. Using the population from those 8 HSTP clinics, our current analysis indicates a risk ratio of 1.30. Our prior publication, based on less than half of the present population, used a shorter follow-up period and different statistical methods but yielded similar findings. 3 Prior investigations into the increased stroke mortality in the southeastern region of the United States have been based primarily on vital statistics^and thus have allowed control only for age, gender, and race. The single prospective study of a defined population in the Stroke Belt (south Alabama) failed to demonstrate an increased race-specific, age-adjusted stroke mortality when compared with other populations. 25 Because both economic factors and cardiovascular disease risk may also differ by region, they are possible explanatory mechanisms for differences in mortality. By limiting our population to hypertensive men receiving their medical care at Veterans Administration clinics, we have been able to make comparisons across regions for a relatively homogeneous population with respect to economic factors and access to medical care. Statistical controls, incorporating pretreatment blood pressure, obesity, and smoking as well as age and race, have suggested that differential distributions of those risk factors do not adequately explain the increased mortality in the Stroke Belt. These controls were applied in two different ways, both of which used a standard multivariate proportional hazards survival model. In the first, a model that included only those patients in the Stroke Belt clinics and those in the Non-Stroke Belt clinics was fit with a term indicating treatment at a Stroke Belt clinic. This allowed the calculation of a partial hazard ratio attributable to the Stroke Belt (Table 4 ). In the second approach, all patients were used to calculate a predicted risk score for each patient based on his demographic and cardiovascular disease risk factors measured before treatment. A martingale residual was then computed for each patient that compared the risk predicted by the model and the actual observed experience. These residuals were then averaged across all patients within a particular clinic to provide an index of whether the survival was, on average, better or worse than that computed by the model (Table 5) .
On the other hand, this increase in control of individual risk factors is accompanied by a lack of specificity, in that the end point was all-cause mortality, not just that attributed to stroke-related causes. Although a significant proportion of the total mortality of a cohort of hypertensive patients might be expected to be attributable to stroke, we are unable to determine whether the excess all-cause mortality noted here can be directly attributed to stroke. Given the extended period of follow-up and the numerous jurisdictions at the place of death, we did not judge that retrieving individual death certificate cause of death codings would be a costeffective strategy. Based on other similar cohorts, we would expect that a large proportion of the deaths would be of a cardiovascular etiology and our statistical model would control for geographic differences in the case mix with respect to age, race, and individual blood pressure levels. Additional statistical analyses are ongoing in order to develop statistical models to examine the effects of other cardiovascular risk factors, including the initial response to antihypertensive therapy.
Conclusion
This report strengthens the validity of the observed Stroke Belt by reducing the effects of regional differences in access to medical care, level of hypertension, obesity, and smoking as explanatory factors but does not identify those factors that are responsible for the increase. Until such factors can be identified, appropriate intervention strategies remain elusive.
